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aBstraCt

A martian basalt (Yamato 980459) composition was used to synthesize olivine, spinel, and pyroxene 
at 1200 s&�DW�¿YH�R[\JHQ�IXJDFLWLHV��,:����,:��,:����,:����DQG�4)0��7KH�JRDO�RI�WKLV�VWXG\�LV�WR�
H[DPLQH�WKH�VLJQL¿FDQW�YDULDWLRQ�LQ�WKH�YDOXH�RI�DV

pyroxene/melt�ZLWK�FKDQJLQJ�:R�FRQWHQW�LQ�S\UR[HQH��
:KLOH�PRVW�OLWHUDWXUH�RQ�WKLV�VXEMHFW�UHOLHV�RQ�HOHFWURQ�PLFURSUREH�GDWD�WKDW�DVVXPHV�WKDW�LI�WKH�:R�
component (CaSiO3) is <4 mol%, the pyroxene is in fact orthopyroxene, we’ve made a more robust 
LGHQWL¿FDWLRQ�RI�RUWKRS\UR[HQH�XVLQJ�DSSURSULDWH�.LNXFKL�GLIIUDFWLRQ�OLQHV�FROOHFWHG�GXULQJ�HOHFWURQ�
EDFNVFDWWHU�GLIIUDFWLRQ�DQDO\VLV��:H�FRPSDUH�DXJLWH��:R�c������SLJHRQLWH��:R�c 13), orthopyroxene 
�:R������DQG�ROLYLQH��,Q�DXJLWH��:R�c������WKH�0��VLWH�LV���FRRUGLQDWHG��ZKLOH�LQ�SLJHRQLWH��:R�c 
13), the site is 6-coordinated. The larger (8-coordinated) M2 site in augite requires structural expan-
sion along the chain direction. The longer chain is enabled by the substitution of the larger Al for Si. 
The Al�� substitution for Si���FDXVHV�D�FKDUJH�GH¿FLHQF\�WKDW�LV�PDGH�XS��LQ�SDUW��E\�WKH�VXEVWLWXWLRQ�
of V�� and V�� in the pyroxene M1 site. This rationale does not fully explain the dramatic decrease 
in DV

orthopyroxene/melt��,Q�PRQRFOLQLF�S\UR[HQHV��WKH�727�VWDFNLQJ�LV�FKDUDFWHUL]HG�E\����������LQGLFDWLQJ�
WKH�GLUHFWLRQ���D�VWDFNLQJ�SDWWHUQ�WKDW�SURGXFHV�D�PRQRFOLQLF�RIIVHW��,Q�RUWKRS\UR[HQH��WKH�VWDFNLQJ�LV�
����±�±��ZKLFK�SURGXFHV�DQ�RUWKRUKRPELF�VWUXFWXUH��7KH�0��VLWH�LV�ORFDWHG�EHWZHHQ�WKH�UHYHUVHG�727�
XQLWV�DQG�LV�KLJKO\�FRQVWUDLQHG�WR���FRRUGLQDWLRQ�DQG�WKXV�FDQQRW�FRQWDLQ�VLJQL¿FDQW�&D�WKDW�UHTXLUHV�
8-coordination. Because the M2 site in orthopyroxene is small and constrained, it accommodates less 
Al in the tetrahedral chains and thus less V in the pyroxene M1 site.
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introduCtion

7KH� VWXGLHV� RI�+HUG� HW� DO�� ��������+HUG� ��������:DGKZD�
(2001), and Goodrich et al. (2003) demonstrated that the oxygen 
fugacity (fO2) in martian basalts (as determined from martian me-
teorites) varies up to four log units, spanning the range from the 
LURQ�Z�VWLWH��,:��WR�TXDUW]�ID\DOLWH�PDJQHWLWH��4)0��HTXLYDOHQW�
WR�,:������EXIIHUV�DQG�LV�FRUUHODWHG�ZLWK�JHRFKHPLFDO�SDUDPHWHUV�
such as LREE/HREE and initial 87Sr/86Sr. These correlations 
have been interpreted as indicating the presence of reduced, 
incompatible-element-depleted and oxidized, incompatible-
element-enriched reservoirs that were produced during the early 
stages of martian differentiation (c����*D���+HUG�HW�DO��������+HUG�
������:DGKZD�������*RRGULFK�HW�DO��������6KLK�HW�DO��������%RUJ�
HW�DO��������-RQHV��������0DUWLDQ�EDVDOWLF�PDJPDWLVP��DV�LW�LV�
recorded by these martian basalts, is thought to be characterized 
by mixing between these two reservoirs. Early studies estimated 
fO2 by two independent approaches, fO2 from mineral equilibria 
�+HUG�HW�DO��������+HUG�������*RRGULFK�HW�DO��������RU�PXOWLYDOHQW�
EHKDYLRU�RI�(X�LQ�SKDVHV�VXFK�DV�S\UR[HQH��:DGKZD��������7KH�
ZRUN�RI�6KHDUHU�HW�DO���������XVHG�D�GLIIHUHQW�DSSURDFK�WR�HYDOXDWH�

the fO2 of potential reservoirs that occur in the martian mantle. In 
that paper, we used the estimated V content of the near-primary 
martian basalt melt Yamato 980459 (Y98) along with that of 
one of the earliest phases to crystallize from this basalt (olivine). 
0RUH�UHFHQW�ZRUN�E\�3DSLNH�HW�DO����������GLVFXVVHV�YDULRXV�9�
oxybarometers and their applicability.

Our previous studies concerning valence state partitioning of 
&U��9��DQG�(X�LQ�S\UR[HQH�LQFOXGH�VHYHUDO�SDSHUV�RQ�DQDORJ�48(�
������FRPSRVLWLRQV��.DUQHU�HW�DO������D������E��������������
3DSLNH�HW�DO���������7KLV�VWXG\�ZLOO�FRPSDUH�WKH�UHVXOWV�RI�3DSLNH�
HW�DO���������DQG�.DUQHU�HW�DO���������ZLWK�WKH�QHZ�GDWD�FROOHFWHG�
in this paper. Although other studies have been completed, only 
these two have fO2�UDQJHV�EHWZHHQ�,:���DQG�4)0��3DSLNH�HW�DO��
(2013) examined V partitioning among olivine, spinel, and melt 
at fO2�YDOXHV�RI�,:����,:��,:����,:����DQG�4)0��%RWK�WKH�48(�
������DQDORJ�VWXG\��.DUQHU�HW�DO��������DQG�WKH�<���DQDORJ�VWXG\�
�3DSLNH�HW�DO��������XVH�VWDUWLQJ�PDWHULDOV�VSLNHG�ZLWK�5((��9��
DQG�6F��7KH�48(�������PHWHRULWH�UHSUHVHQWV�D�S\UR[HQH�SK\ULF�
martian melt and Y98 represents an olivine-phyric martian melt. 
Therefore the compositions of the host basalts are significantly 
GLIIHUHQW�DQG�DOVR�WKH�FU\VWDO�VWUXFWXUHV��DXJLWH�LQ�48(��������
and low-Ca pyroxene in Y98) are quite different. Here, we will 
address the effect of melt composition and crystal structure on * E-mail: pvburger@unm.edu


